Background. Nutrition in pregnancy has implications for both mother and fetus, hence the importance of an accurate assessment at the booking visit during antenatal care. The body mass index (BMI, kg/m 2 ) is currently the gold standard for measuring body fatness. However, pregnancy-associated weight gain and oedema, as well as late booking in our population setting, cause concern about the reliability of using the BMI to assess body fat or nutritional status in pregnancy. The mid-upper arm circumference (MUAC) has been used for many decades to assess malnutrition in children aged <5 years. Several studies have also shown a strong correlation between MUAC and BMI in both pregnant and non-pregnant adult populations. Objective. To assess the correlation between the MUAC and BMI in pregnant women booking for antenatal care in the Metro West area of Cape Town, South Africa. Methods. We conducted a cross-sectional study of women booking at four midwife obstetric units. Anthropometric measurements (height, weight and MUAC) were carried out on pregnant women at their first antenatal booking visit. Results. The results showed a strong correlation between MUAC and BMI in pregnant women up to 30 weeks' gestation. The correlation was calculated at 0.92 for the entire group. The MUAC cut-offs for obesity (BMI >30) and malnutrition (BMI <18.5) were calculated as 30.57 cm and 22.8 cm, respectively. Conclusion. MUAC correlates strongly with BMI in pregnancy up to a gestation of 30 weeks in women attending Metro West maternity services. In low-resource settings, the simpler MUAC measurement could reliably be substituted for BMI to assess nutritional status.
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Nutrition in pregnancy has implications for both the mother and the fetus, hence the importance of an accurate assessment at the booking visit during antenatal care. Both over-and undernutrition can influence pregnancy outcomes. Obesity has major implications for both the mother and the fetus. [1] The maternal risks include an increased risk for gestational diabetes and hypertension, caesarean section, venous thromboembolism, postpartum haemorrhage and sepsis. [1] For the fetus, there is an increased risk of miscarriage, macrosomia, stillbirth and neural tube defects. [1] Undernutrition is associated with anaemia, increased risks of infection, low birthweight and preterm delivery. [2] Obesity is showing an alarming increase, and is currently more prevalent than undernutrition in the South African (SA) adult population. [3] The fetal origins hypothesis was proposed by Barker [4, 5] in the 1990s. According to this theory, fetuses exposed to poor nutrition in utero undergo adaptations that permanently change their physiology and metabolism. These programmed changes then predispose them to diseases in later life, specifically coronary heart disease, and the associated diseases of diabetes, hypertension and stroke. Whitaker [6] looked at risk factors for childhood obesity and found that maternal obesity in early pregnancy doubles the risk of childhood obesity at age 2 -4 years.
The body mass index (BMI, kg/m 2 ) is currently the gold standard for measuring body fatness. However, pregnancy-associated weight gain and oedema, as well as late booking into antenatal care in our population setting, causes us to question the reliability of using the BMI to assess body fat or nutritional status in pregnancy. Mid-upper arm circumference (MUAC) has been used for many decades to assess malnutrition in children aged <5 years. Several studies have shown a strong correlation between MUAC and BMI in adults. [7] [8] [9] [10] [11] [12] The MUAC is a much simpler anthropometric measure than the BMI, as its use eliminates the need for expensive equipment, such as height charts and scales, and the need for calculations. It is also much easier to perform on a patient who is acutely unwell, bed bound or sedentary. Another important advantage of using MUAC is that there is minimal change in the MUAC during pregnancy, so it may be a better indicator of pre-pregnancy body fat and nutrition than the BMI. [13] It is measured midway between the olecranon of the elbow and the acromion process of the shoulder of the nondominant arm, using a standard tape measure. The use of the MUAC has been introduced as one of the routine anthropometric measurements at the antenatal booking visit in SA, and is recorded in the antenatal component of the standardised maternity case record as recommended by the current SA maternity care guidelines. [14] These guidelines recommend the following: [14] • MUAC <23 cm (suggests malnutrition):
• Referral to dietician for nutritional support programme • At risk of having a small-for-gestational-age baby. • MUAC >33 cm (suggests obesity):
• Screen for pre-eclampsia • Screen for gestational diabetes • Screen for macrosomia • Requires a bigger blood pressure cuff.

Objective
To assess the strength of the correlation between MUAC and BMI in pregnant women booking into antenatal care in the Metro West area of Cape Town, SA.
Methods
This was a cross-sectional study of women booking at four public sector midwife obstetric units (MOUs) in the Metro West area, Cape Town, SA, performed from 16 to 31 October 2014. The four MOUs, Retreat, Gugulethu, Hanover Park and Mitchell's Plain, all provide primary-level obstetric care and refer women with obstetric complications to specific referral hospitals in Metro West. They are usually the first entry point of women into the maternity system, and the majority of antenatal first visit bookings occur at these units.
Although the individual social circumstances, living conditions and ethnicity of the participants were not captured for this study, it is known that all four MOUs serve women mainly of low socioeconomic status. They include both formal housing areas and informal settlements. All pregnant women booking at the study MOUs before 30 weeks' gestation were eligible for the study. Women beyond 30 weeks were excluded because the weight gain and oedema of the third trimester significantly influence BMI, whereas BMI in the earlier trimesters is more similar to pre-pregnancy BMI, which the MUAC reflects. Exclusion criteria were: (i) patients <18 years of age; (ii) gestational age >30 weeks at the booking visit; and (iii) twin gestation.
Anthropometric measurements of height, weight and MUAC were carried out on pregnant women booking for the first time at a gestation <30 weeks, in the four MOUs. The MUAC and weight measurements were done by the principal investigator using the same scale at each MOU. The height measurements were taken by the nurses at the various MOUs. The technique of measuring the MUAC was as described above.
The gestation was assessed by the best method available at each unit. An ultrasound machine was available at three of the units. At the Mitchell's Plain MOU, the symphysis-fundal height and dates were used to calculate the gestation.
Statistical analysis
The participants were divided into two groups, an early gestational age group (EGG) of patients who booked earlier than ≤20 weeks + 0 days, and a late gestational age group (LGG) of those who booked at ≥20 weeks + 1 day but ≤29 weeks + 6 days.
The sample size was calculated as 164, based on the assumption that there would be a correlation between BMI and MUAC in 60% of patients >20 weeks' gestation (LGG), and 80% correlation in patients <20 weeks' gestation (EGG). A two-sided significance level of 95, power of 80% and ratio of 1:1 were used.
Pearson's correlation coefficient was used to calculate the correlation between BMI and MUAC. A linear regression analysis was performed to look at the mathematical relationship between BMI and MUAC and calculate the MUAC cut-offs for obesity and malnutrition.
Ethical considerations
Ethical approval for the study was obtained from the University of Cape Town Ethics Committee (ref. no. HREC #644/2014) prior to data collection. Individual informed consent was obtained from all subjects.
Results
The required sample size of 164 women booking for antenatal care was obtained, and Table 1 provides limited demographic data on the study participants.
The distribution of BMI for the study subjects is shown in Table 2 and Fig. 1 . The BMI ranged from 16.7 to 48.9 kg/m 2 with a mean (standard deviation (SD)) BMI calculated at 28.3 (6.62) kg/m 2 . The BMI assessment revealed that 1.8% of participants were underweight, 32.9% fell into the normal BMI category, 32.3% were overweight and 32.9% were obese.
The distribution of MUAC in the study subjects is shown in Table 3 and 
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The correlation between BMI and MUAC for the EGG (gestation <20 weeks) was calculated as 0.93 and that for the LGG (gestation >20 weeks) as 0.92. A visual presentation of this is shown in the scatter plot in Fig. 3 .
The linear regression analysis showed that on average, for each 1 cm unit of MUAC, BMI increases by 1.27 kg/m 2 units. With a p-value of <0.0001, this represents a very strong statistical significance, i.e. the null hypothesis that there is no correlation is rejected and we could state that there was a statistically significant correlation between MUAC and BMI. This simple univariate model explained 0.85 (85%) of the variation in BMI. To account for further variation, the possible role of gestational age in predicting the BMI was tested by the addition of gestational age as another variable, making it a multivariate analysis. The regression analysis showed that gestational age was also significant in predicting BMI (p<0.0001). However, this effect could be different if we used only the two categories of <20 weeks (EGG) and >20 weeks (LGG). Once again the results were statistically significant although, as can be expected, at a weaker level (p=0.002). From this regression analysis, the relationship between the three variables of BMI, MUAC and gestational age can be described mathematically:
In patients at <20 weeks' gestation: BMI prediction = -10.917 + 1.271 × MUAC In patients at >20 weeks' gestation: BMI prediction = -10.917 + 1.271 × MUAC + 1.2195
This can be further interpreted as follows: for every unit change in MUAC, BMI will increase by 1.27 units. Additionally, controlling for MUAC, LGG patients are predicted to have 1.2195 units of BMI more than EGG patients. This analytical method rests on the assumption that there is a linear relationship between the variables. This was tested by the visual inspection scatter plot displayed in Fig. 3 . Furthermore, to use the results in the clinical setting, the cutoff points for different BMI categories were assessed. Specificity, sensitivity, positive predictive value (PPV) and negative predictive value (NPV) were calculated for each MUAC cut-off (Table 4 ). Of note were the high specificity, sensitivity, PPV and NPV for the overweight and obese categories. The sensitivity and PPV were significantly lower in the morbidly obese category.
Discussion
Our study found a strong correlation of 0.92 between BMI and MUAC in pregnant women of <30 weeks' gestation in the Metro West maternity facilities studied. Surprisingly, this strong correlation persisted up to 30 weeks' gestation, disproving our hypothesis that the correlation would be weaker after 20 weeks' gestation because of the exponential increase in weight gain. The strong correlation is supported by a study by Cooley et al. [15] on pregnant women in London and Ireland, which found a positive correlation of 0.836 between BMI and MUAC (p=0.01). Similarly, this strong correlation between BMI and MUAC was found by James et al. [7] in five African countries in both men and women, as well as by Khadivzadeh [8] in Iran, who studied 2 000 non-pregnant women in the reproductive years.
A large proportion (71.9%) of our participants were multiparous. Smith et al. [16] found that during pregnancy, women gain body fat and experience a change in body fat distribution that persists after pregnancy. This altered body fat distribution may affect the MUAC of multiparous patients. However, this was not assessed in our study, and a suggestion for future studies would be to compare primigravid and multigravid patients.
MUAC cut-offs for the different BMI categories derived from the linear regression analysis are displayed in Table 5 . We and Cooley et al. [15] had a MUAC cut-off point for overweight of 27 cm. The MUAC cut-off for obesity in our study was 30.57 (95% confidence interval (CI) 30.27 -30.86) using a BMI of 30 as the gold standard for measuring obesity. This was rounded off to 31 cm for practical reasons. Of note, the Khadivzadeh [8] study also had an obesity cut-off of 30.5 cm for BMI >29 kg/m². Currently, the MUAC measurements used in the antenatal maternity case record in SA as normal values are 23 -33 cm. If MUAC is >33 cm, referral to a dietician for dietary advice is warranted, as well as screening for pre-eclampsia and gestational diabetes. The systematic review of Thangaratinam et al. [17] showed that dietary intervention was the most successful intervention for Subjects, % RESEARCH reducing maternal weight gain and improving pregnancy outcomes, particularly in reducing the risk of pre-eclampsia. [17] Screening for gestational diabetes is also advised, by performing a glucose tolerance test at 16 weeks and, if the results are normal, repeating it at 28 weeks. In addition, referral to a secondary-level institution for further antenatal care and delivery would be indicated. It is possible that the current MUAC cut-off for obesity of >33 cm stipulated by the SA antenatal maternity case record is too high. According to our study the cut-off was calculated as 30.57 cm, rounded off to 31 cm for practical reasons. Could this imply that we are missing a group of patients who are at risk and inadvertently assessing them as normal? Accepting these lower cut-offs would have definite financial implications as well as significantly increase the workload; to what benefit is unclear. Our study was not initially powered to calculate cut-offs, so a recommendation for further research would be to review and validate the current cut-off MUAC values. The sensitivity and PPV of MUAC drops significantly in the morbidly obese group of patients, at 77.7% (95% CI 39.9 -97.1) and 58.3% (95% CI 27.6 -84.8), respectively ( Table 5 ). For this category, using BMI instead of MUAC is recommended by the SA maternity care guidelines.
Okereke et al. [9] studied anthropometric indices for diagnosing obesity in pregnancy in a cross-sectional study in Nigeria. They found that MUAC of 33 cm and a calf circumference of 39 cm may be a reliable cut-off for diagnosing obesity in pregnant women in Nigeria. Interestingly, in the Okereke study, MUAC had a strong positive correlation with maternal weight (BMI), but there was no significant difference in the three trimester groups, suggesting that MUAC is independent of gestational age and could be used to identify obesity in women regardless of the duration of pregnancy. This disputes our concern that weight gain in the third trimester 2006) ), [18] and there are probably different cut-offs for measuring obesity as well.
Our cut-off for malnutrition was measured at 22.8 cm (rounded off to 23 cm), which is consistent with the current MUAC values used in the maternity care guidelines for referral to a dietician. Despite the malnutrition group being quite small, our cut-offs were consistent with those found by Sultana et al., [10] who looked at MUAC cut-off for undernutrition in Bangladeshi adults. Their findings provided MUAC measurements of <24 cm and <25 cm for females and males respectively for detecting undernutrition in adults. The underweight group of women comprised a mere 1.8% of subjects, which is consistent with Puoane et al., [3] who found that underweight women were rare in SA in an obesity health survey study in 2002, where underweight women represented only 5.6% of their subjects. Although the provision of nutritional support to malnourished women remains controversial, it would be difficult to ignore the opportunity of pregnancy to provide access into a nutritional programme to improve their health, and potentially reduce adverse pregnancy outcomes.
The BMI distribution of the population of pregnant women sampled is in agreement with the study by Puoane et al. [3] mentioned above, in which 56.6% of females aged ≥15 years were found to be overweight or obese. Our percentage for overweight and obesity in this group is an alarming 65.1%, representative of increasing concern over the obesity epidemic. Fig. 1 displays the BMI distribution. A bimodal distribution in the obese category is evident from the bar chart. Our study did not follow up participants to assess outcomes, but to do so would be of interest for future studies. A retrospective cross-sectional study by Basu et al. [19] on obesity and its outcomes in pregnant women in SA looked at 767 women and found that 44% were classified as obese or morbidly obese according to World Health Organization BMI classification. They also found that urinary tract infection, failed induction of labour and gestational diabetes were more common in the morbidly obese category. The percentage of women found to be obese or morbidly obese in our study was not as high as in the Basu study. However, an alarming 32.8% fell RESEARCH into these categories. The prevalence of obesity is rising globally. It is a risk factor for non-communicable diseases such as ischaemic heart disease, type 2 diabetes, hypertension and cancer. [19] SA faces a double burden of disease, where undernutrition (mainly in children) and obesity may coexist in the same household, family and community. [20] Urbanisation of South Africans has certainly contributed to the increase in obesity, with a change from a traditional low-fat, high-fibre diet to a more Western diet containing high fat and more refined foods. [21] In certain communities obesity is often seen culturally as a sign of health, affluence and respect, whereas thinness is associated with illness and HIV. [22] This contributes to a mindset of 'big is beautiful' , resulting in few women who are obese actually perceiving themselves as such. [22] Study limitations
There were some study limitations. The lack of a standardised method for calculating the exact gestational age was definitely a limitation, along with the lack of demographic, medical and social data. A strength of the study was that a single provider took the measurements, enabling consistency for testing the correlation of BMI and MUAC. However, this could also be perceived as a limitation in that an assessment of reproducibility of the MUAC measurements was not done. The mean gestation was 19 weeks and the cut-off of 30 weeks' gestation was quite limiting. In retrospect, when comparing patients who booked at <20 weeks with those at >20 weeks, it may have been advisable to have included patients up to 40 weeks' gestation, as the majority of weight gain occurs in the third trimester. Further research needs to focus on the use of MUAC between 30 and 40 weeks' gestation.
Conclusion
The MUAC correlates strongly with BMI in pregnancy at the booking visit, up to a gestation of 30 weeks in women attending Metro West maternity services.
In low-resource settings, the simpler MUAC measurement to assess nutritional status and screen women who are at risk for potential adverse pregnancy outcomes could reliably be substituted for BMI estimation. This would eliminate the need for calibrated weight scales and height charts, as well as calculations for BMI.
